Condition optimization to enhance the electric-field controlled magnetization modulation.
In order to confirm and optimize the electric-field controlled giant magnetization modulation, more samples were prepared and measured, and similar behavior was shown with enhanced effect. Figure In order to explore the origin of the anomalous data points shown in Fig. 2 (c) in the paper,
M-E measurement under low electric fields (3 ~ 6 kV/cm) was carried out. After poling with a large negative electric field, the M-E curve of the sample was measured with a small increment of electric field (0.1 kV/cm) under a bias magnetic field of 5 Oe. During the M-E 6 measurement, the polarization switching ratio (PSR) was also acquired simultaneously by integrating the switching current recorded by an ammeter and the results are shown in Fig.   3 (a). It can be seen that the anomalous data points in the previous results as shown in Fig. 2(c) turn to be a smooth valley in the M-E curve, which has five key points denoted by letters I ~ V as shown in Fig. S4(a) . This unusual and complicated valley corresponds to the domain reversal process as revealed by the PSR which has been divided into three stages C, D and E as shown in Fig. S4 2(e) and 2(f) in the paper] should be preferred for the high-speed applications of SME-RAMs in the similar structures.
As a matter of fact, the polarization reversal process of the (011) Moreover, the phenomenon that the tendency of the M-E curve changes to another stage at 5 kV/cm, while the change of the S-E curve keeps almost the same from zero to 10 kV/cm can also be understood by considering the Rot-MOKE in Fig. 3(d 
Electric field control of magnetization characterized by Rot-MOKE method.
To investigate the magnetic anisotropy property of our sample under electric fields, Magnetic Optic Kerr Effect with a rotation-of-field (Rot-MOKE) and in situ electric field was employed. The structure of the sample used in the Rot-MOKE measurement is Ta(5 nm)/CoFeB(20 nm)/PMN-PT(0.2 mm)/Au(300 nm) as shown in Fig. S7(a) , and the way of applying electric field is also shown there. In our experiment, the longitudinal effect of MOKE was used, where the magnetization vector is parallel to both the reflection surface and the plane of incidence. We can determine the magnetization by measuring the deflection angle of the polarization between incident light and reflected light, as shown in Fig. S7(b) . The Rot-MOKE is based on the coherent rotation model, in which the sample is magnetized into a single domain state by a large magnetic field, and then the direction of external field is rotated step-by-step to carry out the MOKE measurements, as shown in Fig. S7(c) .
For the case of pure uniaxial anisotropy 7 , the gross energy density of the system is given by the following equation
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Where E is the gross energy, V is the volume of the magnetic layer, M S is the saturation magnetization, K u is the uniaxial anisotropy constant, θ is the angle between external magnetic field and easy axis (EA), and φ is the angle between easy axis and magnetization.
The direction of magnetization is determined by minimizing the total energy per unit volume, which results in the following equation
By defining torque l(φ) = H sin(θ-φ), we obtain
As a result, uniaxial magnetic anisotropy can be identified by fitting the torque curve with the equation above.
In the Rot-MOKE experiment, the plane of incident light and reflected light was fixed in the (001) 
Theoretical calculation of the internal effective magnetic field induced by electric fields.
According to the method of calculation for strain induced magnetic field and relevant theories in the previous reports [9] [10] [11] , the internal effective magnetic field induced by electric fields of the sample can be deduced as follows.
Where H eff is the internal effective magnetic field induced by the gross orthogonal piezostress along the two directions, i.e. 
Simplifying Eq. 4 by substituting Eqs. 5 and 6, we can get the final expression.
In which λ S is the magnetostriction coefficient (31×10 -6 ), Y is the Young's modulus (1.6×10 12 dyn cm -2 , CGS units), υ is the Poisson ratio (0.3), 4πM S is the saturation magnetization (15000 Gs, CGS units) of the amorphous CoFeB layer, according to reports 12, 13 .
The in-plane piezoelectric coefficients of PMN-PT keep almost the same with the values of d 31 ~ -2500 pC N -1 and d 32 ~ 1400 pC N -1 when E < 7 kV/cm according to reports 7, 14 . Hence, the induced internal effective magnetic fields at different electric fields can be calculated from Eq. 7 and the result is shown in Figure S9 . Besides, different strain transfer efficiencies (STE) are considered in the calculation, and from the results one can see that 60 Oe effective magnetic field can be induced at 5 kV/cm when the STE is about 40 %. If further enhancing the STE by optimizing the samples, 60 Oe effective magnetic field can also be induced at 2 kV/cm on condition that STE ~ 80 %. However, it's hard to induce 60 Oe effective magnetic field with electric field below 1.5 kV/cm, as shown in the figure, for 60 Oe is the upper limit of effective magnetic field which can be induced by 1.5 kV/cm in this system with STE approaching 100 %. This theoretical calculation is useful in understanding the results of electric control of magnetic anisotropy and helpful in optimizing the converse ME effect in the FM/FE heterostructures. 
